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You may have heard the news...
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Why are high-energy neutrinos so interesting?

‘I;' 107 | L " Erejus v,
. . - a o Frejusv
> Atmospheric neutrino spectrum PN~ ) Ke
is steeply falling o 107°F R =uperity,
E = N
o m . 0, AMANDA v,
> 10°E . o unfoldin? .
8 = > forward folding
> Any excess at high energies is a sign o 10" A ﬁ ooIDe Vi
for a new source of neutrinos ¥ F \ forward Tolding
10°
> Aim of this study: - ooy,
Characterize the excess 107E Pty
measured by IceCube - - lceCube Iimit
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What are the possible sources of high-energy neutrinos?

Earth's atmosphere Astrophysical sources

cosmic ray
.% @ cosmic ray
I\ $ oo
o T+, K* ‘R / \DO A

! @ N :
> “Conventional” > “Prompt” > Astrophysical
> Fromm/K > From charmed > Fermi acceleration
decay meson decay

> dN/dE ~ E2

> dN/dE ~ E-37 > dN/dE ~ E27 _
> Flavorratio Ve: vyt Vy =1:1:1

> Undetected so far _

> No astrophysical sources yet

4
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The IceCube Neutrino Observatory

> 1 km?3 of South Pole Ice
instrumented with 5160 PMTs

> Detect neutrino interactions IE5GYRS Leh .
e W Ll g ceTop

via Cherenkov radiation of w8 Stations

. 50m —e T S T 324 optical
secondary particles " | R A S
| |
> Full detector with 86 strings lceCube Array
. 86 strings including 8 DeepCore strings
Completed in 2010 5160 optical sensors
— 1C86
> Previous configurations:
1450m |
= IC79 DeepCore
8 strings-spacing optimized for lower energies
] |C 59 480 optical sensors
= |C40 A]E‘rﬁelmwer
. 324m
2450 m
2820 m /
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Neutrino event signatures in IceCube

Tracks Showers
- 1/“ charged-current interaction " Ve + I/ charged-current interaction +
Ve + Vy, + I+ neutral-current interaction

= Angular resolution > 10°

= Angular resolution < 1°
= Can measure muon dE/dx only = Energy resolution 2 15%
(on deposited energy)

T e, .

4
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Searches for a diffuse neutrino flux in IceCube

IC40 — contained showers IC59 — contained showers
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Searches for a diffuse neutrino flux in IceCube

IC40 — contained showers IC59 — contained showers

<
O )
-~
E W oatm. p 2 atm. p + atm. v 10 ! ‘Atmes T )>
(] E atm. ve +v, (conventional) g 42.10°%GeVslem2sriE? (Vepr=1:1:1) ; /| D : 2 o
Q W atm. v +v, +v; (prompt) ./\ I Atmospheric v (prompt) &
g v E 1 : Hl Atmospheric v (conventional) g
T (I . - . . . i N

I preliminary Xc 10 #+ + Data S
£ 10%[ stat. errors only es g 1 : s
s 5 | E= IceCube Preliminary | &
= = F ; :
© r~ F 2 74—+ Z 10° - N R EEE IRt B <))
o 2 1L 7 ~ ~
o i 10 E = Q
% 2 F 3 d

= F
% c | E 10" S C\)
O 2 10° g (:_I%
fa} F =
8 2 S = NS
3 £ . 10° S
BRale g 3
~ F
5. 5.5

[
<

@

S}

4.0 4.5 5.0
log10(Ereco/GEV)

IC59 - throughgoing tracks

0 .
Reconstructed Energy [GeV] )

IC79 + IC86
contained showers + tracks

logyo(

%) o 5 B I

< C

0>) 4 ———— IC59data

o 10 e CONV. atms. v, (HKKM2007) Background Atmospheric Muon Flux
— cONV. atms. v, (HKKM2007 + best fit nuisance) . 102 L

==
= Bkg. Atmospheric Neutrinos (n/K)
Background Stat. and Syst. Uncertainties

—————astrophysical v, E* (best fit)
------ astrophysical v, E? (90%CL upper limit
~— «promptv, (QO%CL upper limit)

Atmospheric Neutrinos (Benchmark Charm Flux)
Atmospheric Neutrinos (90% CL Charm Limit)
Signal+Bkg. Astrophysical £ ? Spectrum

10°

T IIII|T|'|

-2 -15 -1 0.5 0 0.5 1 15 2

A. Schukraft, Nucl. Phys. B (Proc. Suppl.)

Prelimi > , —
E 5 51 IceCube Preliminary
£ 3 ~
-~ R _ 8 %
™ S V V7
3 E : Wiy
T 1]
S ] 2
© = ¢
© 3 w
N ]
m\ =
)
o
N
™
N

log10(dE/dx___ [GeV/m])

o
10 0
Deposited EM-Equivalent Energy in Detector (TeV)
Lars Mohrmann — lars.mohrmann@desy.de — September 10, 2013 8

IcCECUBE

reco

99UBI2S 0] PARILLIGNS ‘UONEIOqER|I0D 8qNDH8I)|




Global likelihood fit

> Goal: Characterize the excess by using information from all analyses at the same time

> Method: Global Poisson-likelihood fit of energy distributions
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Global likelihood fit

> Goal: Characterize the excess by using information from all analyses at the same time

> Method: Global Poisson-likelihood fit of energy distributions

> Components:

= Atmospheric p

Atmospheric v (conventional)

Atmospheric v (prompt)

Astrophysical v

10° IC59 contained showers

I Atmospheric v (conv.) Il Astrophysical v
BBl Atmospheric v (prompt) 4 4 Data
[ Atmospheric p

102k ‘ ‘ .
. IceCube Preliminary

10t F-

10°} |

Events in live time

100

4.5 5.0 5.5 6.0 6.5
log;o( Reconstructed energy / GeV )

— CORSIKA simulation / from data
— Honda et al.' + Gaisser3 (H3a)
— Enberg et al.2 + Gaisser? (H3a)

— E20 =108 GeV s sr'' cm2

"Honda et al., Phys. Rev. D 75, 043006 (2007)
2Enberg et al., Phys. Rev. D 78, 043005 (2008)
3Gaisser, Astropart. Phys. 35, 801-806 (2012)
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Global likelihood fit

> Goal: Characterize the excess by using information from all analyses at the same time
> Method: Global Poisson-likelihood fit of energy distributions

> Components: > Parameters:

= Atmospheric p * Normalization (j1)* + (v) + (v) + (v)

Atmospheric v (conventional)

Atmospheric v (prompt)

Astrophysical v

IC59 contained showers

103 =

I Atmospheric v (conv.) Il Astrophysical v
BBl Atmospheric v (prompt) 4 4 Data
[ Atmospheric p

102k

IceCubé Prelimjinary

* * Nuisance parameters

10t}
— absorb systematic effects

10°} |

Events in live time

100

4.5 5.0 5.5 6.0 6.5
log;o( Reconstructed energy / GeV )
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Global likelihood fit

> Goal: Characterize the excess by using information from all analyses at the same time

> Method: Global Poisson-likelihood fit of energy distributions

> Components: > Parameters:
= Atmospheric p * Normalization (1)* + (v) + (v) + (v)
= Atmospheric v (conventional) = Cosmic ray spectral index (11, v, v)*

Atmospheric v (prompt)

Astrophysical v

IC59 contained showers

103 =

I Atmospheric v (conv.) Il Astrophysical v
BBl Atmospheric v (prompt) 4 4 Data
[ Atmospheric p

102k

IceCubé Prelimjinary

* * Nuisance parameters

10t}
— absorb systematic effects

10°} |

Events in live time

100

4.5 5.0 5.5 6.0 6.5
log;o( Reconstructed energy / GeV )
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Global likelihood fit

> Goal: Characterize the excess by using information from all analyses at the same time

> Method: Global Poisson-likelihood fit of energy distributions

> Components: > Parameters:
= Atmospheric p * Normalization (1)* + (v) + (v) + (v)
= Atmospheric v (conventional) = Cosmic ray spectral index (11, v, v)*
= Atmospheric v (prompt) = Kaon-to-pion ratio (v)*

Astrophysical v

IC59 contained showers

103 =

I Atmospheric v (conv.) Il Astrophysical v
BBl Atmospheric v (prompt) 4 4 Data
[ Atmospheric p

102k

IceCubé Prelimjinary

* * Nuisance parameters

10 |
— absorb systematic effects

10°} |

Events in live time

100

4.5 5.0 5.5 6.0 6.5
log;o( Reconstructed energy / GeV )

a Lars Mohrmann — lars.mohrmann@desy.de — September 10, 2013 13

IcCECUBE



Global likelihood fit

> Goal: Characterize the excess by using information from all analyses at the same time

> Method: Global Poisson-likelihood fit of energy distributions

> Components: > Parameters:
= Atmospheric p * Normalization (1)* + (v) + (v) + (v)
= Atmospheric v (conventional) = Cosmic ray spectral index (11, v, v)*

Kaon-to-pion ratio (v)*

Atmospheric v (prompt)

Energy scale (1, v, v, v)*

Astrophysical v

IC59 contained showers

103 =

I Atmospheric v (conv.) Il Astrophysical v
BBl Atmospheric v (prompt) 4 4 Data
[ Atmospheric p

102k

IceCubé Prelimjinary

* Nuisance parameters

10 |
— absorb systematic effects

10°} |

Events in live time

100

4.5 5.0 5.5 6.0 6.5
log;o( Reconstructed energy / GeV )
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Global likelihood fit

> Goal: Characterize the excess by using information from all analyses at the same time

> Method: Global Poisson-likelihood fit of energy distributions

> Components: > Parameters:
= Atmospheric p * Normalization (1)* + (v) + (v) + (v)
= Atmospheric v (conventional) = Cosmic ray spectral index (1, v, v)*
= Atmospheric v (prompt) = Kaon-to-pion ratio (v)*
= Astrophysical v * Energy scale (1, v, v, v)*
10 ___IC59 contained showers | = Power law index (V)
EEE Atmospheric v (conv.)  EEE Astrophysicaly

BBl Atmospheric v (prompt) 4 4 Data
[ Atmospheric p

102+

IceCubé Prelimjinary |

* * Nuisance parameters

10 |
— absorb systematic effects

10°} |

Events in live time

100

4.5 5.0 5.5 6.0 6.5
log;o( Reconstructed energy / GeV )
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Global likelihood fit

> Goal: Characterize the excess by using information from all analyses at the same time

> Method: Global Poisson-likelihood fit of energy distributions

> Components: > Parameters:

= Atmospheric p * Normalization (1)* + (v) + (v) + (v)

= Atmospheric v (conventional) = Cosmic ray spectral index (1, v, v)*
= Atmospheric v (prompt) = Kaon-to-pion ratio (v)*

= Astrophysical v * Energy scale (1, v, v, v)*
10° — __IC59 contained showers | = Power law index (V)

' I Atmospheric v (conv.) Il Astrophysical v .
BN Atmospheric v (prompt) 4 4 Data i = EXponentlal Cut-Off (V)
102k [ Atmospheric u ‘

IceCubé Prelimjinary

* * Nuisance parameters

10 |
— absorb systematic effects

10°} |

Events in live time

100

4.5 5.0 5.5 6.0 6.5
log;o( Reconstructed energy / GeV )
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Fit result — background-only hypothesis

IceCube Preliminary

Hypothesis: Bprompt = (6- 9719 . [Enberg + Gaisser H3a]
Pastro ~ 0 BB Atmospheric v (conv.) Bl Astrophysical v
Goodness-of-fit: B Atmospheric v (prompt) 4 -4 Data
0.0142 % 3 Atmospheric p
IC40 contalned showers IC40 contamed showers 10 IC59 contained showers

102 ; ‘ !

low energy sample 1 | hlgh energy sample
oy

10°F-

10°L. S ........... .......... ........... _

10°F- 1011

101 10°1H R .......... A—

40 45 50 55 60 65 7.0

5.0 5.5 6.0 6.5 7.0

3.5 4.0 4.5
log,o( Deposited energy / GeV ) log,( Deposited energy / GeV ) log,y( Deposited energy / GeV )
IC59 throughgoing tracks IC'79I86 contalned showers + tracks IC79/86 contalned showers + tracks

1040 soul;hern sky

L T R

Events in live time

102
10 T —
10°) 1 0 N R

4 R
10 m | 107

107

4.5 5.0 5.5 6.0 6.5
logo( Muon energy loss (a.u.) ) log,,( Deposited energy / GeV ) log,o( Deposited energy / GeV )

-0.5 00 05 10 15 20 25 3.0 4.5 5.0 5.5 6.0 6.5
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Fit result — background-only hypothesis

IceCube Preliminary

Hypothesis: Bpromps — (6- 9719 . [Enberg + Gaisser H3a]
Pastro ~ 0 BB Atmospheric v (conv.) Bl Astrophysical v
Goodness-of-fit: B Atmospheric v (prompt) 4 -4 Data
0.0142 % 3 Atmospheric p
10 IC40 contamed showers IC40 contamed showers 10 IC59 contained showers

low energy sample hlgh energy sample

Lol ] 1001 S — — A— y

e 10°1L. B — A—

3.5 4.0 4.5 s * 45 5.0 55 650 6.‘5 7.0
log,o( Deposited energy / G EXCIUded Wlth 3-8 0' CL log,o( Deposited energy / GeV )

IC59 throughgoing tracks IC'79I86 contalned showers + tracks IC79/86 contalned showers + tracks

soul;hern sky

10

10° Bl

Events in live time

102
10 T —
10°) oo SO

10t

10 -0.5 00 05 10 15 20 25 3.0 4.5 5.0 5.5 6.0 6.5 4.5 5.0 5.5 6.0 6.5 7.0

logo( Muon energy loss (a.u.) ) log,,( Deposited energy / GeV ) log,o( Deposited energy / GeV )
* based on a comparison

with simulated experiments
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Fit result — with astrophysical signal (®_,,

IceCube Preliminary

Hypothesis: Porompt = (4:2 *T12). [Enberg + Gaisser H3a
-2 - R
¢astro ~ E Bl Atmospheric v (conv.) El Astrophysical » Equ (0 47+0 24). 10-° GoV s~ sr=! em=?
Goodness-of-fit: B Atmospheric v (prompt) 4 4 Data astro — 0-20
13.2 % 3 Atmospheric p
102 IC40 contamed showers IC40 contamed showers IC59 contained showers

10%
low energy sa.mple :

hlgh energy sample

10° gy

10'}
10°}

10%} 1071k
g 101} 10”
g .
-~ 3.5 4.0 4.5 5.0 5.0 5.5 6.0 6.5 7.0 40 45 50 55 6.0 65 70
o log;,( Deposited energy / GeV ) log,,( Deposited energy / GeV ) log;,( Deposited energy / GeV )
- IC59 throughgoing tracks IC'79I86 contamed showers + tracks IC'79!86 contamed showers + tracks
Aoaef T T T T ] | | | ~ southern sky | | . northor sky |
=
=

10! e — ......... e P _

10 1L [FEEEEEE R —

107

5.0 5.5 6.0 6.5
log;o( Muon energy loss (a.u.) ) log,,( Deposited energy / GeV ) log;,( Deposited energy / GeV )

-0.5 00 05 10 15 20 25 3.0 4.5 5.0 5.5 6.0 6.5
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Fit result — with astrophysical signal (®_,,,

IceCube Preliminary

Hypothesis: Porompt = (2- 8740 - [Enberg + Gaisser H3a]
Gostro~ E - exp(E/E,,) [mEE Atmospheric v (conv.) B Astrophysical v 5 - 408 s L s
. F2 00— (1.0702)- 107 GeVs™ st em
Goodness-of-fit: B Atmospheric v (prompt) 4 4 Data astro
78 % [ Atmospheric p E., = (1. 8+5 0) PeV
102 IC40 contamed showers IC40 contamed showers 102 IC59 contained showers

low energy sa.mple

hlgh energy sample

10 lgs

10'}
10°}

10%} 1071k
g 101} 10”
g ‘ S
-~ 3.5 4.0 4.5 5.0 5.0 5.5 6.0 6.5 7.0 40 45 50 55 6.0 65 70
o log;,( Deposited energy / GeV ) log,,( Deposited energy / GeV ) log;,( Deposited energy / GeV )
- IC59 throughgoing tracks IC'79I86 contamed showers + tracks IC'79!86 contamed showers + tracks
Aoaef T T T T ] | | | ~ southern sky | | . northor sky |
=
=

10! O — ......... e P _

101 . S —

107

5.0 5.5 6.0 6.5
log;o( Muon energy loss (a.u.) ) log,,( Deposited energy / GeV ) log;,( Deposited energy / GeV )

-0.5 00 05 10 15 20 25 3.0 4.5 5.0 5.5 6.0 6.5
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Fit result — with astrophysical signal (®__,., ~

IceCube Preliminary

:;IYPOthESjYS: Porompt = (0749) - [Enberg + Caisser H3a]

astro ™ I Atmospheric v (conv. I Astrophysical v

Goodness-of-fit: = Atm@sihel“ic v :pmm;’ﬁ) + + Data o 7 furo = (68215 - 107 GV 574 sr ! em™

10.0 % [0 Atmospheric p Yostro = (2. 7*0 2)
102 IC40 contamed showers IC40 contamed showers ;C59 eontaiped showerg

10%
low energy sa.mple :

hlgh energy sample

10 llgs

10'}
10°}

10%} 1071k
g 101} 10”
g ‘ S
-~ 3.5 4.0 4.5 5.0 5.0 5.5 6.0 6.5 7.0 40 45 50 55 6.0 65 70
o log;,( Deposited energy / GeV ) log,,( Deposited energy / GeV ) log;,( Deposited energy / GeV )
- IC59 throughgoing tracks IC'79I86 contamed showers + tracks IC'79!86 contamed showers + tracks
Aoaef T T T T ] | | | ~ southern sky | | . northor sky |
=
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10! S — ......... e P _
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107
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Lars Mohrmann — lars.mohrmann@desy.de — September 10, 2013 21

IcCECUBE



Likelihood landscapes

> Scan of likelihood landscape shows correlation of parameters

> Normalization of astrophysical spectrum is correlated with index / cut-off parameter

IceCube Preliminary IceCube Preliminary

10%n : — 25 : 25
' 3.4F-
120 32 | A 120
10' 3 3.0 g
= | f1s £ 15 £
" = S =
o | 10 &0 2.6} 10 =0
10°F —~ | S
< 2.4} <
5 5
2.2F
1l 2.0
10 0 1 2 3 4 0 0
E? ¢, [107°GeV s tsr ! em ™ (ﬁ)”f  Poire 1107 GeV s st em ™
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Conclusion

> lceCube measures an excess of high-energy neutrino events

> Presented first global interpretation of IceCube results

= Results of individual analyses are consistent
= The prompt component of the atmospheric neutrino flux is not well constrained
= However, an astrophysical component is heeded to explain the excess

= Different hypotheses for the astrophysical flux yield similar results

> Results of new analyses expected soon
— global analysis will become more powerful
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Backup slides
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IceCube-40 — contained showers

> Excess
270
W atm. p ¥Vl atm. p + atm. v
@ am. ve +v, (conventional) pg 4.2.10°GeVstem2sriE? (Vo) ;=1:1:1)
> Prompt flux W atm. Ve +v, +V; (PIOMPY) e data
. i preliminallry | Iovlv or high 1
" Best fit 10% E stat. errors only energy sample -
T | ]
- s | . 1
= Upper limit (90% CL) ™ 10'¢ T
i 7 §
;g 10° — — E
g | [ ]
> Astrophysical flux 5 100l |
> g E
v F E
= Best fit - ]
E2d =17 108 GeV s' sr' cm 102
3.0 3.5 4.0 4.5 5.0 5.5 6.0
= Upper limit (90% CL) 10g10(Ereco/ GeV)
E2d <7.0-108 GeV s sr' cm
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IceCube-59 — contained showers

> Excess
None
102 :
1 Atmospheric p
> Prompt flux 1 B Atmocshorc » (conentionsl)
10 o ...................... ++ Data m
= Best fit 2 1 ‘ | ;
= IceCube Prelimi
® = 2.9 - [Enberg et al. + H3a] E certbe rreTminany |
= Upper limit (90% CL) £
® < 9.0 - [Enberg et al. + H3a] oot [
g
=
1072
> Astrophysical flux
= Best fit 10%, 5.0 5.5
log,,( Reconstructed Energy [GeV] )

E2d =0

= Upper limit (90% CL)
E2d <0.6-108 GeV s'sr!' cm2
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IceCube-59 — throughgoing tracks

> Excess
1.80
42 :I T T T 1T 17T T T T 1T | T T | 1T 17T | T T T T |:
g 10° _— Ic%ﬁ% %?rtﬁs v, (HKKM2007) —
> Prompt flux ® = ————  conv. atms. v, (HKKM2007 + best fit nuisance) 3
C ———— astrophysical v, E* (best fit) .
Y . P astrophysical v, E2 (90%CL upper limit) -
= Best fit 10° e . prompt v, (90%CL upper limit) _
=0 - . ]
A5 Preliminary -
= Upper limit (90% CL) 10°E E
® < 3.8 - [Enberg et al. + H3a] - ]
10 =
= 1 = -
> Astrophysical flux = =
I . ]
= Best fit 10“§| - T
E2 ¢ = 0-2 - 10-8 Gev S-1 Sr-1 Cm-2 EI r’l L1 1 1 | 1 11 1 | L 111 | 111 1 | L1 111 | 11 7m—l 1 IE:
-2 -1.5 -1 -0.5 0 0.5 1 1.5 2
- Upper limit (900/0 CL) log10(dE/dx ___ [GeV/m])

E2d<14-108 GeV s'sr!'cm?
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IceCube-79 + 86 — contained showers + tracks

> Excess
410
— Background Atmospheric Neutrino Flu;(
3 Background Atmospheric Muon Flux
> Prompt fl ux 1 Background Stat. and Syst. Uncertainties
) 00— Signal+Bkg. Best Fit Astrophysical £ Spectrum |]
= Best fit eee Data
®=0
= - [
= Upper limit (90% CL) 3
- © ool 7 o 1
o 10 Y
@
o
(]
€
[
>
m

> Astrophysical flux

= Best fit (only valid up to 2 PeV) o e I _
E2d=1.2-108 GeV s sr' cm2 i

= Upper limit (90% CL)

i
10° 10°
Deposited EM-Equivalent Energy in Detector (TeV)
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Best fit parameter values

Background + Signal

Background + Signal

Parameter Background Background + Signal (Index) (Cut-off)
oo 0.821 7010 0.84270.1% 0.8170-1% 0.853701%
Gprompt 6.8627 590 416311000 0.000 5 000 2.827 1300
e : 046503 [ 2i® | Lotsam
J-:f:'a::t.rl:n - 2 2 ﬁg5+g ig{; 2
Eastro - - - ﬁ 264+g 2(?';
G, 0.367 0008 0.49870 35 0.216703% 044871050
Cor 137570007 1.219%0808 1.09070 55 113870608
Ckn —0.118" 1105 —0.074% 1001 ~0.085 1 00a ~0.0667 000
CE—SG&[EIG‘]:HGHSG&dB‘! —'[.] ?12+32‘§3 _{] 655tg EE _D 531+g j;'g _0584t34?q53

CE —scale ICH) cascades

—0.690705%

0T

+ﬂ 7Tl

0.836
—0.0 ?Tiﬂ_?‘m

CE—scaleIC59 v,

—0.050" 30

D mT

0 nmﬂ{.ﬁ?;

0.927
—0.170 tﬂ_ 62

(E—scaleICT9/86 HESE 0.8157) %1 0 ﬂ45+3 gﬁg —0.0767033 —0.07870:3%
| Goodness-of-fit | 0.0142 % (38 r,}") | 13.2 % 10.0 % | 78 %

|DE|3LIBE
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Goodness-of-fit for background-only hypothesis

108 Goodness-of-fit test
—— — T T T T
' : —log(Likelihood) = 84.990| ]
i ; ; ; ; p—value = 0.0142 % (3.8 )| 1
104 E____________,; ............. E_ _______ : ____________ E _____________ :,_._._.__._._,; _____________ : ............ é._._._._._.__E
103 T L T L
" 3
@O
o
=
i3 102 L T
10! S L e R | B
100 E_ ..................................... : _____________ : _____________ : ________________________________ —
i | | | | | | | ]
10 20 30 40 50 60 70 80 90 100

—log(Likelihood)
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1-D profile likelihood for background-only hypothesis

— Likelihood

IceCube Preliminary
i § g - - DBest fit value

A log(Likelihood)

0 2 4 6 g 10 12 14
Gprompt [Enberg + Gaisser H3a]
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1-D profile likelihood for signal hypothesis (E-)

j T T I [l T T
IceCube Preliminary, : — Likelihood IceClibe Preliminary
: : : - - Best fit value ; : :

— Likelihood
- - Best fit value

40-,,,,,,,,,,,,,,:,,,,,,,,,,,,,,E, ,,,,,,,,,,,,:,,,,,,,,,,,,,,5,,,,,,,,,,,,,,

=

G ...................

A log(Likelihood)
A log(Likelihood)

00 05 1.0 15 20 25 30 35 4.0
Gprompt [Enberg + Gaisser H3a] E2 & [10_8 GeV st grt cm—Q]

astro
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2-D profile likelihood for signal hypothesis (E-?)

IceCube Preliminary 25

10 TS
o SL AN 120
- :
L : —
o : ~
T i <
(€] 6_ ______________________________ 115 %
20 | =
Q : ~
2 4 10 &
= <
1=
E 21 PN N B 5
<
oL 0
0.0 0.5 1.0 1.5 2.0

E* ¢ [107° GeVs ' sr! cm™?]
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1-D profile likelihood for signal hypothesis (E-2 - eF/Ecut)

‘ ; ‘ ‘ ‘ o ‘ ‘ ‘ ‘ ; ‘
IceCube Preliminary — Likelihood IceCube Pre)iminary — Likelihood IceCube Preliminary; — Likelihood
] - - Best fit value ] - - Best fit value ] - - Best fit value
: ‘ : : : ' : '
i Ll i i i i i i H H H H i 1l i
| ‘ 0 ‘ ‘ ‘ ‘ : ‘ i
Ve - . A G e ] 40 NG
1 Ll Ll
| . \
1 1 1
Ll Ll Ll
, ' '
— 1 — 1 — 1
=l ! o 1 < 1
=} ' s} 1 o '
Q 1 (=} 1 (=] 1
= ' = ' = '
= i = . = |
= | = i = i
— ' — ! — !
ERAd v ER : = p
kS , 3 ' ES) \
1 1 1
< ! < . 4 :
1 H 1
1 Ll Ll
| . \
1 1 1
20F : - . ‘ ] 20 - . 20 -
1 H 1 1
Ll i Ll Ll
\ ‘ \ |
1 1 1
H 1l H H H Ll Ll
10\ B B e e 1o B 1 lo =
H 1 H H H l : l
0 2 4 6 8 10 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 10! 10° 10! 102
Ppromps [ENberg + Gaisser H3al E? Dastro [1078 GeV st sr! cm72] E.. [PeV]
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2-D profile likelihood for signal hypothesis (E-2 - eE/Ecut)

imi IceCube Preliminar
10F lcecube Preliminary 25 10%p ! - 25
gl (I 120 120
£ ° 10t %
T 6| 158 > 15 =
: = B —
+ > =) R
2| ) E -t
2 4 0w = 10 &
3|
- 2 5 5
ﬁ% 0
oL 10-1 i 0
0 1 2 3 i 0 ) 1 . 2 1 ? )
E ¢, .. [10°GeV s tsrtem™?] E” @pgtro [107° GeV s™ st cm 7|
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1-D profile likelihood for signal hypothesis (E)

T T T T T T T —— ; ; ; . ;
IceCube Prelimina — Likelihood IceCube Preliminary ' — Likelihood imi ' — Likelihood
3 ry | : : : E __ Best fit value IceCube Preliminary : R
1 : : : : ! : T T
: : : ' | | o | | |
Py . . i ] A il i
i !
— — ‘ :
g g : =) .
3 3 : 3 :
= = : = -
z 2 | g |
4 = ' = .
Z 30} — 30 ! = 3 b
&0 en ' ~— 30 !
£ 2 ! g |
4 < : 4 !
' i
1 Ll
' ‘
'
[ — 20 ! 20 i
' :
' ‘
0 2 1 6 8 10 00705 10 15 20 ° 25 307 35 40 20 37 34 2698 30 33 33
Bprompt [Enberg 4 Gaisser H3a] (W)W' Dpetro [107 " GeV s sr em 7| Yastro
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2-D profile likelihood for signal hypothesis (E?)

IceCube Preliminary

75 IceCube Preliminary

oFE— 5 125

B b :
£ |
RN\ T S —— 20 3.2k - 120
~ : :
: = | 2
£ | 2 3.0( 3
G 6| (N 115 é 115 é
+ | o 22.8[ 'S

: - = :
o0 | 3 & i E
S 4 [AUNEEEEEEEERNE. 10 & “ 26| &
O = alll e
| < 2.4 <

= : ;
= 20 5 5
<& 2.2
(0] S 2. 0L R
0 1 2 3 T 0
E ¥ —18 -1 -1 __.-1 -2 E —18
(0Tev) " " Pasteo (107 GeV s sr™ " em ] (07ew) * Gaso (107 GeV
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